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RESEARCH MEMORANDUM

EFFECT OF INLET ASPECT RATIO ON THE STARTING AND PRESSURE
RECOVERY CHARACTERISTICS OF A RECTANGULAR SWEPT SCOOP
INLET TESTED AT A MACH NUMBER OF 3.1

By Ernest A. Mackley
SUMMARY

An experimentsl investigation of a rectangular swept scoop inlet
designed for and tested at a free-stream Mach number of 3.1 was made to
determine the effect of inlet aspect ratio (height to width) on the min-
imum inlet starting contraction ratio (throat to frontal asrea) and the
resulting inlet total-pressure recovery. Three simulated fuselages of
varylng cross- sectional width were tested at an angle of attack of O° and
an angle of yaw of 0° with and without a wedge boundary-lasyer diverter at

& Reynolds number of approximetely 2.8 X 106 based on & length of 1 inch.
Inlet aspect ratio was varied between 0.5 and 4.0 in seven steps by
holding the inlet height constant and varying the inlet width. Cam-
parison of the experimental minimum starting contraction ratios with an
approximate theory of inlet starting was made.

';I'f‘

The experimentel minimum starting contraction ratio decreased with
increasing inlet aspect ratio and produced a trend similar to that pre-
dicted by theory with no large effects of simulated fuselage shape. For
no fuselage boundary-layer diverslon, good sgreement with theory was
obtained at inlet aspect ratios below 1.0, the starting contraction ratios
becoming larger than the predicted values for aspect ratios above 1.0.

The use of boundary-layer dilverters on the fuselage shead of the inlet
throat increased the starting contraction ratios for low-aspect-ratio
inlets, but one of the diverters gave reduced (below no diversion)
etarting contraction ratios above an aspect ratio of 1.35.

The maximum total-pressure recovery generally occurred just prior
to inlet buzz. The maximum critical-pressure recovery obtained was 0.55
at a mass-flow ratio of 0.89 with no boundary-layer diversion, an aspect
ratio of 1.5, and a contraction ratio of 0.421. The maximm overall
total-pressure recovery obtained was 0.67 at a mass-flow ratio of 0.65
with the best diverter, an aspect ratio of 3.7, and a contraction ratio
of 0.313.
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INTRODUCTION

A rectangular scoop inlet with swept sides which was designed for
high-pressure recovery and low externsal drag has been tested and the
results are reported in reference 1. These experimental results indi-.
cated that the pressure-recovery characteristics were promising. The
"starting" characteristics of this type of inlet are affected by the
fuselage because 1t restricts the flow of alr around the inlet during
the starting process. The degree of this restriction is a function of
the inlet aspect ratio (ratio of inlet height +o width). During the
starting process the air which cannot pass through the inlet throat must
splll around the sides of the inlet. Consequently, for a particular
aspect ratio the inlet starting characteristics are primarily a function
of inlet contraction ratio (throat areas to frontal area). The starting
problem can beseliminated by designing for relatively large values of"
contraction ratio. High-pressure recoverles, however, require low values
of contractlon ratio. Therefore, the ilnlet contraction ratio should be
as small as 1s consilstent with the starting requirements. Since the
starting contraction ratio may be only approximated by theoretical means,
an experimental investigation is required to determine actual values.

The purpose of this investigation was to determine the effect of-
inlet aspect ratio on the minimum starting contraction ratio, total-
pressure recovery, and mass-flow characteristics, of the inlet and to
compare the results with an approximate theory for starting at the design
Maech number. Rectangular inlets of aspect ratios 0.5, 0.75, 1.0, 1.5,
2.0, 3.0, and 4.0 were designed for and tested at a free-stream Mach

number of 3.1, and a Reynolds number of sbout 2.8 X 10 (based on a length
of 1 inch), at an angle of attack of 0O° with simulated fuselage sectlons
of three cross-sectional widths shead of the inlet. The inlet contraction
raetio was varied as required for starting and tests were made with and
without fuselage boundary-layer diversion immediately shead of the inlet
throat. '

SYMBOLS
A area, sq in.
*
FLJ isentropic area ratio for the free-stream Mach number
A o0 . . —-
AR inlet aspect ratio Al/w2 or hl/w for a rectangular frontal

ares,
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h

¢

inlet or stream tube helght normal to average streamline, in.

Mach number

ratio of mess flow through duct to mass flow through a free-
stream tube of cross-sectional area 4A; equal to projected

inlet frontal ares

pressure, lb/sq in. abs

total-pressure recovery or ratio of area weighted average total
pressure to free-stream total pressure

distance from inboard inlet 1ip to assumed normal shock wave,
in.

sonic flow ares, sq in.

inlet width, in.

angle of flrst shock wave from coampression surface and angle
of leading edge of inlet side wall relative to free streenm,
deg

total flow deviatlion or turning of compression surface, deg

two-dimenslonal shock-wave angle glving sonic veloclty and a
flow deflection @ behind wave, deg

flow deflection for shock wave of angle 6, deg

Subscripts:

o

1

free-stream conditlons
station of outboard inlet 1lip

coendition between 1 and 3 and behind assumed normal shock wave
moving into inlet

inlet minimum section or throst
diffuser exit or compressor face station

avallable
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b,c referring to portions of theoretical capture area flowing
past station 1 =

d referring to portions of free stream passing through conical _
shaped wave at slides of inlet . . .

r required - —_

8 at sides of inlet - T

% stagnation conditions _

APPROXIMATE THEORETICAL DETERMINATION Of_INLET

STARTING AT INLET DESIGN MACH NUMBER

Starting at the design Mach number of & supersonic swept scoop inlet
of the type shown in the photographs of figure 1 and the sketch in fig-
ure 2 1s a function of the geametric contraction ratio Az /A1, the super-

sonic total-pressure recovery, and the amount of flow that can be spilled
around the inlet. The spillage is mainly a function of the inlet geome-
try and free-stream Mach number. An approximate theory for determining
the minimum starting contraction ratio has been presented in references 2
end 3. In this paper the theory has been revised to provide for some
difference 1in initial assumptions. -

Assumptions made and used for the analysis of starting were: the
splllage flow outside the inlet side walls was two dimensional, that is,
1t had no veloclty component toward or away from the fuselage; the
assumed wave EDD' (fig. 3) was conical in shape and could alweys be
sdequetely represented (between stations 1 and 3) by & circular arc in
a plane parallel to the free stream and normsl to the inlet side walls
(fig. 3(b)); the portion of the moving wave immediately ahead of and
between the inlet side walls was normal to the free stream; and all
boundary-layer effects were neglected. .

In the starting process a normal shock wave was assumed to move
downstream into the inlet. With the normal shock wave at a particular
station, as in figure 3, the portion, hy, by w, of the theoretical

free-stream capture area A; was assumed to pass through the oblique

shock wave, part of the isentropic compression, the normel shock, and
through the inlet minimum section. If boundery-layer effects are neg-
lected, the remasining minimum area for a particular inlet contraction
ratio determined the portion of h. by w +that must be spilled arcund

the‘inlet.
n% iy
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Fram the considerations given in the appendix, the starting contrac-
tion ratio for a particular swept scoop inlet may be determined by the
equation

ﬁé> L (.A_*) i + Be -
A; T wAR\A . <Pt,2> (pt,2>
Pt . Pt e .
éi cos 6
2 R 2 A
—R—) 2 _)tan Blcos(® - @) - —2—
B/ \h P20
Py
; “la

In order to use thils reletion, the variastion of theoretical total-pressure
recovery with flow deviatlon and shock-wave position must be known. The
total-pressure recovery through the curved shock wave outside the inlet
side walls was assumed to be a constant and the velue used was that for

a two-dimensional shock wave at the free-stream Mach number of 3.1 and a
shock angle of T6° 59' (that 1s, average of 90° and the value at the
sonic point 8 = 63° 58').

Typlcal results obtained from this equation for a Mach number of 3.1
are shown in figure 4. TIt can be seen that, for a particular aspect
ratio, the contraction ratio increases to a maximum and then decreases
as the normael shock moves toward the linlet throst (% decreasing). The

1
maximm velues of contraction ratio (largest values of A3 with respect

to Al) for each aspect ratio gives the varistion of starting contraction

ratio shown in figure 5. Also shown in figure 5 for comparison are a
theoretical curve and experimental data taken from reference 2 and a
theoretical curve calculated by using the method outlined in the eppendix
and the spillage area Sg; &t the sides of the inlet as glven in

reference 3.

As the moving wave approsaches the inboard lip (R and h, approach
zero and hy, approaches hl), the accuracy of the approximation decreases
because of the small values involved and the increased chance of error in
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the initial assumptions of constant wave shape, and so forth. However,
vhen the inlet is started, the allowable contractlon ratio at a partic-
ular Mach number ceasee to be a function of inlet width and is simply
a function of the totel-pressure recovery or from equation (A9):

Rlz?o fﬁ = (éf) 1
A A, <Pt,3>

Py, e

APPARATUS AND TESTS

This investigetion was conducted in a 9- by l2-inch blowdown Jet
of the Langley Gas Dynamics Branch at a Mach number of 3.1 and angles
of attack and yaw of 0°. The test setup (fig. 6) was generally similar
to that of reference 1, the Reynolds number (based on 8 length of 1 inch)

for the tests being approximately 2.8 x 106.

Models

Seven models of a supersonic swept scoop inlet (figs. 1 and 2) were
tested during this investigation. The general aerodyndmic design of the
inlets was similar to that of reference 1. A 12° initial flow deflection
was followed by & curved surface approximating isentropic turning (calcu-
lated in increments of two degrees of turning) as shown in figure T.

The inlet side walls were swept back =slong the first shock wave at
28° 32' (B) to the free-stream direction. The total amount of flow
turning was varled by altering the compression surface as requlred to

change the inlet contraction ratio Kz. The variation of the total flow
1

devietion end the resulting theoretical total-pressure recovery (including

normal-shock losses) as & function of contraction rstioc is shown in

figure 8.

" With the inlet height constant at 2 inches, models were constructed
of different widths to give aspect ratlos of 0.5, 0.75, 1.0, 1.5, 2.0,
3,0, and 4.0. Three simulated fuselage cross sections were used in front
of the inlet. (See fig. 2.) Fuselage I was a flat, tunnel-spanning
section; fuselage II was 2 inches wider than the Inlet - that is, a
l-inch-redius section on each side of the inlet; and fuselage III was
rectangular and the same width as the inlet. The models were of steel .

AN T
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and plastic construction, plastic being used for the internal surfaces
that were subject to alteration.

The subsonlc diffuser exit height was fixed (hh = 5.0) with the

flow at this station parallel to the free-stream direction but was off-
set inbocard as shown in figure 2. The contour of the diffuser was arbi-
trarily faired between the inlet minimum section and the diffuser exit,
g compromise being made between gradual diffusion before turning and
having as long & radius turn as possible. For the Inlets tested, the
duct height normal to the mean streamline increased as shown in figure 9.

Tests were made first without removal of the fuselage boundary layer
in front of the inboard inlet lip. In an effort to improve the starting
characteristics, a flat wedge-like boundary-layer diverter was installed
ehead of the inboard 1lip. The details of the diverters are shown in
figure 10. Diverter 1 was made with flat surfaces on the sides at an
engle to the fuselage of 40° at the apex in a plane normal to the free
stream. Thls angle increased downstreem of the apex to near 90° imme-
dietely shead of the inlet-fuselage Juncture. Diverter 2, a modifica-
tion of diverter 1, was thinned near the apex (fig. 10(a)) and the sides
were falred to the fuselage downstream of the corresponding point of
diverter 1. Diverter 2 approximated a flat plate near the tip with a
faired support to the fuselage. Since it was considered desirable %o
maintaln a low included angle on the wedge, the wedge diverters for the
low aspect ratios (wide inlets) became too long to be effective; there-
fore, a "bump" or compression-type diverter was tested. (See fig. 10(b).)
This dlverter with the increased pressure on the wedge surface caused
the boundary leyer to flow toward the lower pressure at the sides of the
inlet.

Tests, Procedure, and Measurements

The contraction of each inlet was alitered by changing the total-
flow deviation of the inlet. Experimental contraction ratios were com-
puted from measurements of the actual minimum height h5. Inlet total-

pressure recovery and mass flow were measured; also shadow photographs

and visual schlieren cbservetions were made for each test. Inlet starting
obsexrved by use of the schlieren system was verified by the mass-flow
deta and Inspection of the shadow photographs.

Pressure measurements at the diffuser exit were made with a nine-
tube total-pressure rake located on the vertlcal center line of the duct
and eight wall static orifices (fig. 11) located around the periphery
of the duet. An area-weighted average total-pressure recovery is used
in the present paper. This usage is considered to be valid since the
Mach numbers at the rake station were below 0.2 for the higher pressure
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recoveries. The mass flow entering the inlet was measured by an orifice
plate located as shown in figure 6. Two orifice sizes were used inter-

changeably in the same pipe to handle the range of mass flow encountered
in the tests; the orifice installation met the specifica:bions set forth

in reference k.,

The mass-flow ratios for all inlets are based on the projected
frontal area of the inlet minus the projected frontal areas of the
diverter, if any. For the bump diverter which created a compression
wave, mass-flow ratlos over 1.0 are possible. The mass~-flow ratios and
measured total-pressure recovery are considered to be accurate within
+2 percent.

RESULTS AND DISCUSSION

Determination of Starting Contraction Ratio

The typlcal shadow photographs of flgure 12 show the effect on the
inlet flow pattern of varying inlet contraction ratio. The unstarted .
inlet (fig. 12(a)) with no boundary-layer diversion had a strong obligue
wave and asccompanyling separation in the "crotch" of the inlet (between
the fuselsge and inlet side wall). As the minimum area Az was

increased, thles separated ares moved toward the inlet throat and
decreased in size. Figure 12(c) shows a configuration that was con-
sidered started but was a borderline case. - The shock wave originating
at the polnt of boundary-layer separation on the fuselage curved or
wrapped around the inlet as the flow expanded to free-stream conditions.
This curved wave caused refraction of light and made the separated por-
tion of the flow appear larger than it actuslly was. This is evident
when a shadow photograph with flow past the model is compared with a
corresponding photograph with no flow. Regions of refracted light can
also be seen as white lines along the inlet side walls. A typlcal case
of a campletely started inlet configuration is shown in figure 12(d).
The flow depicted here occurred most often with fuselsge boundary-layer

diversion but was possible in many cases without boundary-layer diversion.

Maximum mass-flow ratios of at least 0.98 were generally considered
to be necessary to establish a started condition. In some cases starting
was considered to be possible for mass-flow ratios as low as 0.96,
depending upon the appearance in the shadow photographs of the flow in
the crotch. :

From the appearance of the flow in the shadow photographs it would
appear that the flow mcdel assumed in the original starting was oversim-
plified. The existence of a statlonary normal-shock wave in the crotch

S dieninr s
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of the inlet was precluded by separation of the fuselage boundary layer
(ref. 5) because of the excessive pressure rise of a normal wave. The
shadow photogrephs show an oblique wave existed at nearly a constant
angle (or pressure rise) regardless of the position of the point of sep-
arstion relative to the inlet throat. This position must still be deter-
mined by the spillage requirements back of the oblique wave - that is,
the wave shape at the sides of the inlet, the inlet aspect ratio, and
the contraction ratlio. Some of the separasted flow undoubtedly entered
the inlet and decreased the effective inlet throat area (especially at
low back pressures). The splllage area at the sides of the inlet was
less than that calculated from the assumptions made, but the losses
through the obligue wave were much less than the assumed normal shock
losses (approximately 7 percent of Pt,w instead of TO percent). These

factors tend to compensate each other, but the spillage of the separated
flow around the inlet is unpredictable.

Effect of Inlet Aspect Ratio on the
Inlet Starting Characteristics

Without boundary-layer diverslon.- The effect of inlet aspect ratio
on the starting contraction ratio for the three simulated fuselage sec-
tions tested with no boundary-layer diversion 1s shown in figure 13.

A
The experimental starting contraction ratio Kz generally decreased

1
with increasing inlet aspect ratlo, and the effects of the simulated
fuselage cross-sectional shspes were small. The maximum mass-flow ratios
are given for each point. Also the faired experimental curve 1s shown
as a dashed line for the high-aspect-ratio inlets wherever the results
did not show the actual starting as esteblished by the criterion given
previously.

The theoretical veriation in starting contraction ratio with inlet
aspect ratio is shown in figure 13 for comparison purposes. It can be
seen that for no boundary-layer diversion the experimental starting con-
traction ratios are generally consistent with the theoretical wvalues at
low aspect ratios but the started configurations at aspect ratios
above 1.0 had contraction ratios up to 18 percent higher than predicted.
This greater disagreement with increasing aspect ratios mey be partially
due to an internsl boundary-layer effect since, as the width of the inlet
was decreased, the amount of boundary layer on the internal supersonic
surfaces became a lsrger percentage of the flow through the inlet throat
and greater Internal boundary-layer effects could be expected. However,
if the three-dimensional oblique wave that originated at the point of
separation and wrapped around the inlet remained nearly geometricelly

LN s i
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similar regardless of position relatlve to the inlet throat, the amount
of separated flow entering the inlet for a high aspect ratio should be
somewhat less than that for a low aspect ratio at the same mass-flow

m =
ratlo aé. This depends, of course, on the spillage Of the separated

flow which is considered relatively unpredictable.

With boundary-layer diversion.- A flat-wedge boundary-layer diverter
(diverter 1, fig. 10(a)) was placed on the fuselage immediately ahead of
the beginning of the Inlet throat. The presence of the dlverter decreased
the effective inlet height and, as a result, the lnlet aspect ratio. The
variation of starting contraction ratio with inlet aspect ratio using
boundary-layer diversion (diverter 1) is shown in figure 1k for the three
simulated fuselage sections tested. The effect of fuselasge cross section
was agein smell with the started configurations egaln showlng decreasing

A _
" contraction ratio Ké with increasing inlet aspect ratio. The use of
l . -
diverter 1 gave the adverse effect of generaslly increasing the starting
contractlon ratio over no boundary-layer dlversion, especially for the
low-aspect-ratio inlets. However, the trend of changing contraction
ratio with aspect ratlio is more nearly consistent with the theoretical

A
variation, although the values of K; were approximately 18 percent
1 .
higher than the theoreticel wvalues.

Since the diverter wedges were kept at a relatively low angle in
the plan form (fig. 10), the length increased with decreasing inlet
aspect ratioc; thus their purpose was defeated. The widest inlet (aspect
ratio O.4&) was impossible to start by using a flat-wedge diverter. A
"bump" type diverter (fig. 10(b)) was used for some tests with fuse-
lages II and III and allowed the inlet to start as shown in figure 1k.
The mass-flow ratio for the tests with the bump diverter was based on
the total frontal area of the inlet minus the projected frontal area of
the dlverter in the same manner as was done for the flat-wedge diverters.
With the compression on the bump it was possible to obtain mass flows
over 1.0 as shown for the started configurations (aspect ratio 0.4k,
fig. 14, and table I(f£}). '

The varlation in starting contraction ratio with inlet aspect ratio
using boundary-leyer diverter 2 (fig. 10(a)) is shown in figure 15.
The effect of fuselage shape was smell as it was for no diverter and
diverter 1. The trend of decreasing starting contraction ratio with
increasing aspect ratio was still present. The use of diverter 2, a
modification of diverter 1, resulted in generally better agreement o
between the experimenteal and theoretical starting contraction ratios .
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than for diverter 1. Diverter 2 also gave better agreement with theo-
retical starting contraction ratios than no diverter for aspect ratlos
above 1.35. The reason for the adverse effect of the boundary-layer
diverters on the starting contraction ratios for the low-aspect-ratio
inlets 1s not clear from the results of this investigetion.

Total-Pressure Recovery and Mass-Flow Variations

Typical variations of total-pressure recovery with mass-flow ratio
for various inlet aspect ratios and contraction ratios with no boundery-
layer diversion are shown in figures 16, 17, and 18 for fuselages I, II,
and III, respectively. Similar variations with boundary-layer diversion,
diverter 1, are shown in figures 19, 20, and 21, and for diverter 2 in
figures 22, 23, and 24k. In these figures the faired curves are shown
as dotted lines where there was evidence of a discontinuous change in
mass-flow ratio with total-pressure recovery. For the data glven in
figures 16 to 24, the lowest mass-flow ratlo point on each curve was
taken Just prior to inlet buzz; no date were taken during buzz. Gener-
8lly buzz or inlet instability for thils type of inlet occurs suddenly
and rather violently when the minimum mass flow is reached. This was
especially true for the present configurations for which there was only
a small amount of subcritical stability. In the cases where separation
on the fuselage existed at high back pressure, small fluctuations were
noted in the flow near the inlet crotch immedistely prior to inlet buzz.

It may be noted from figures 16 to 24 for the high aspect ratios

P
that meximum 7% occurred a8t low mass-flow ratios. For these cases

t,00
as well as the unstarted inlets at all back pressures, separation was
present on the fuselage shead of the inlet threcat. The obligue wave
standing on the diverter, or fuselage, was at a nearly constant angle
and the losses for the flow through this wave and outside the separated
region were small. At high back pressures and low mass-flow ratios a
large part of the separated flow was evidently spilled around the inlet
since the total-pressure recoveries were relatively high compared with
the theoretical recoverles for a perticuler amount of flow turning.
Also the subsonic losses might be expected to decrease as the mass flow
and internal Mach numbers decresse.

A discontinuous. change in mass flow with total-pressure recovery
was found In some cases &s 1s shown in figures 16(c), 17(c), and 22(b).
This change was a result of the sudden occurrence of boundary-layer
separation 1n the crotch and the concomitant spillage. Varying spillage
rates are noticeable in the changing slopes of the low-pressure-recovery
portions of the curves of mass flow against total-pressure recovery.

LR T
@i u:"jﬁm
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(See figs. 16 to 22.) These slopes generally becsme less as the aspect
ratio increased. This loss of mass flow was conslidered to be the inter-
nel boundary layer spllling around the inlet side walls and became
greater as the Internal boundary layer became a larger part of the
entering flow (aspect ratlio increesing). The slopes in the low-pressure-
recovery region for fuselesges I and II were greater than those for fuse-
lage ITTI; thus some variation in spillage sround the '__inlet because of
fuselage cross-sectlional shepe was indicated. The use of a diverter
gave a similar effect (increased slope) for a particular aspect ratio,
diverter 2 being slightly more effective in this respect.

Effects of Inlet Aspect Ratio on the Maximum
Total-Pressure Recovery

Summary curves of the maximum total-pressure recoveries taken from
figures 16 to 24 and more similar date are plotted as a function of
P
inlet aspect ratio in figures 25, 26, and 27. Maximum EELE points
P P

generally occurred Just prior to inlet buzz or flow Instablility. These

figures show & trend of increasing meximum total-pressure recovery with

increasing inlet aspect ratio which is a reflection of the general trend

of decreasing starting contraction ratio éz with inéreasing inlét B
A
1

aspect ratio, The maximum critical total-pressure recovery obtained
_ A
during these tests was 0.55 for an aspect ratioc of 1.5, Kz = 0.k21,
m, ) ot
—_— = 0.89, and fuselage I with no diversion. The maximum overall valie

00

- . {m
of pressure recovery was 0.67 at a low mass-flow ratio (m—% = O.65) for

A . :
an aspect ratio of 3.7, Kz = 0.313, fuselasge III, and diverter 2,
1. . L

The theoreticeal total-pressure recovery (including normel shock
losses), shown in figures 25, 26, and 27, represents the maximum obtailn-
able for the experimental starting K% curves in figures 13, 1k, and 15
and was obtained by using figure 8. The theoretical ﬁfessure-recover&

curves are shown as dashed lines where necessary to correspond to fig-
ures 13, 14, and 15. The experimental total-pressure-recovery data
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showed similar trends as the theoretical curves but were 10 to 20 per-
cent lower. No specific effort was made to Increase the experimental
total-pressure recovery by modifications to the inlet other than the
fuselage boundary-layer diverters shown.

The configurations which were started at low pressure recovery or
in the supercriticel region are noted on the figures. It can be seen
thet in some cases the maximum total-pressure recovery of the inlets
which were started at low pressure recovery wes slightly lower than the
unstarted inlets of the same aspect ratio. As stated previously in the
section entitled "Total-Pressure Recovery and Mass-Flow Varistions" in
the present tests with the inlets operating at high back pressures and
low mass-flow ratios, the total-pressure losses from free stream to the
diffuser exlt were not high although this would be a relatively high
drag condition because of the spillage. The velues of mess-flow ratio
and contraction ratic for the experimental points in figures 25, 26,
and 27 are tebuleted (table I) in order of decreasing total-pressure
recovery to give a correlation of the date with that of the preceding

figures.

The variations of minimum starting contraction ratios caused by
the use of boundary-layer diverters were reflected in the meximum total-
pressure recoveries. The use of diverter 1 generally gave decreases of
about 0.02 to 0.06 in maximum recovery campared with no boundary-layer
diversion. Simller decreases were found for diverter 2 with fuse-
lages I and IT, whereas small increases were found for diverter 2 with
fuselage III.

The differences 1n maximum total-pressure recovery between fuse-
lages I and II configurations were generally small (up to 0.03), whereas
fuselage III configurations gave general Increases in total-pressure
recovery over fuselage I (up to 0.11).

SUMMARY OF RESULTS

An experimental investigation has been msde at a free-stream Mach
number of 3.1 to determine the effect of inlet aspect ratio (height to
width) on the minimm inlet starting contractlion ratioc and the resulting
total-pressure recovery. The experimental results have been compared
with the results from an approximaste theory of starting. The aspect
ratios for the seven inlet configurstions varied from 0.5 to 4.0. Three
simulated fuseleges of varylng cross-sectlonsl width, wlth and without
fuselage boundary-lsyer diversion immediately ahead of the inlet throsat,

were tested at a Reynolds number of approximately 2.8 x 106 based on
a length of 1 inch. The following results were obtained:
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1. The minlmum starting contraction ratio decreased with increasing
inlet aspect ratio, the effects of simulated fuselage cross-sectional
shape being small. The use of boundary-layer diverters increased the
minimum starting contraction ratios for low aspect ratios, but one of
these diverters reduced the starting contraction ratios for aspect
ratios above 1.35.

2. The experimental velues of minimum starting contraction ratio
agreed well with theoretical values for low-aspect-ratio inlets with no
boundary-layer diversion. At aspect ratios above 1.35, the sterting
contraction ratios, elther with or without a diverter, were increasingly
higher then the predlcted values.

3. The maximum pressure recovery, which generally occurred Just
prior to lnlet buzz, lncreased with increasing inlet aspect ratio and
decreasing contraction ratio.. The effects on the total-pressure recovery
of the slmulated fuselage cross-sectional shape were small for the two
wider fuselage configurstions. The narrow fuselage (same width as the
inlet) gave increases in total-pressure recovery up to 0.1l over the
wldest fuselage configuration. Maximum critical total pressure found
was 0.55 at a mass-flow raetio of 0.89 for no boundary diversion, an
aspect ratio of 1.5, and a contraction ratio of 0.421. Maximum overall
pressure recovery was 0.67 at a mass-flow ratio of 0.65 with the best
of two diverters tested, an aspect ratio of 3.7, and & contraction ratio
of 0.313.

Langley Aeronautical Laboratory,
Netional Advisory Commlttee for Aeronautics,
Langley Field, Va., September 26, 1957.
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APPENDIX
DETERMINATION OF INLET STARTING

The starting of a swept scoop inlet of the type shown in figure 1
at the design Mach number is a function of the geometric contractlion

A
ratio E;, the supersonic total-pressure recovery, and the amount of
1
flow that can be spilled around the inlet. The splllage 1s malnly a
function of the inlet geometry, the physical system of splllage, and
the free-streem Mach number.

The splllage flow was agssumed to be two dimensionsl and to occur
behind a shock wave which wes normel in front of the Inlet and wrapped
around the inlet at the sides. The wave at the sides EDD' (fig. 3)
was assumed to be conical in shepe (apex at the edge of the swept inlet
side wall and base in the plane of the fuselage) and to be always ade-
quately represented between stations 1 and 3 by a circular arc in s
plane parallel to the free stream and normal to the iniet side walls.

In the starting process the normal-shock wave was asgsumed to move
into the inlet in stationwlse steps. With the wave at a particular
position (as in fig. 3) the portion Iy, X w of the theoretical capture

area A; was assumed to pass through the oblique wave, part of the

isentropic compression, the normsl wave, and through a sonic inlet
throat. If boundary-lsyer effects are neglected, the remaining throat
ares for a particular inlet contraction retioc determined what portion
of h, X w must be spilled around the inlet. These considerations

give the basic equation:

nv

=

Sr

or

A.5 + sa.,s g Sr (Al)
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For the wave geometry assumed, it is possible to determine the
sonlc area required:

8 = Sr,a + Sr,a (A2)

where Sr,Al 1s the sonic flow area required by the free-stream tube

of area A; and Sr,d is the soniec flow area required by the free-
stream tube passing through the conical waves at the sldes of the inlet

Py, 2

for an average total-pressure recovery ( ) . The term SrJAl beconesg
a

T,

8 function of the position of the moving wave since the average pressure
recovery of the outboard portion of the entering inlet flow Iy,

(fig. 3(a)) changes with shock wave position. Then

A [ax h h
Sy _ _:I._(AT b C

) [
TR Pt,—2> <P——t’2>
Pt,oo_b- Pt, e

C

oxr

hy (ax h h
Sr, 4 =Zﬁ%@%) A ukd (43)
ol Ft,2 Pt,a)
P-b’.,o b Pt,oo .

It was previously assumed that the moving wave outside the inlet gide
walls could slways be described by a cilircular arc in & plane perallel
to the free stream and normal to the inlet side walls. The radius of
this arc 1s the distance from the swept inlet side wall to the normal
wave. In the plane of the fuselasge thils radius is the position R of
the normel wave relative to the ilnboard inlet lip. This results in
conlcal shaped wave which decreases in size but remains gecmetricelly
similar as R decreases. The sonic flow area required for the curved
waves at both sides of the inlet is then

3 SQTEIDENERE
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Sr,d - <£§> Raba.n B cos © (ak)
"6

P
t,= a

Then from equations (A2), (A3), and (AL),

h
8. = %(%) h'b + c + (g)Rata.n B cos © (45)
% Pt,2> (Pt,2> Pg,2
Pt o/ \Pt,w/, Pt,00/y

Next, the total sonlc splllage ares avallable =zt the sldes of the
inlet is determined. Isentrople flow is assumed between the wave EDD'
(fig. 3(a)) and the sonic plane EHD'. The side ED' of the sonic
plane EHD' 1s a generatrix of the conlcal wave EDD'. From the gean-
etry shown in figure 3(a) the area of sonlc plane for one side of the
inlet is then:

5 1/2
Area (EHD') = R?Eanaﬁ + cosze:l (a6)

The derivation of this equetion 1s given in reference 3. The ares of
the plane EHD' 1is used as the sonlc spillege srea on one side of the
inlet in reference 3. However, although the plane does contain the
sonie points on the spillage streamlines for the sssumptions made, the
flow velocity is not necessarily normal to the plane. For the present
paper the flow velocity at D'H was considered to be at some constant
angle to the free stream ¢ in 8 plane parellel to the fuselage. The
angle ¢ used was the flow deflection giving a Mach number of one behind
8 two-dimensionel free-stream shock wave. The sonlc spillage area
availeble on one side of the inlet was considered to be the projection
of the sonic plane on a plane normal to the exiting streamlines, which
were previously assumed to be parallel to the plane of the fuselage.
This projection is the plane E"HD" (see fig. 3(a)). The totael sonic
spillage ares available is twice the area of E"HD" or Sg,s
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Sa,s = R°tan B cos(6 - @) (AT)

Substituting equations (A5) and (A7) into equation (Al) gives

> hl(_A_*) Iy, ho . (A*‘ R°tan B cos @

> = + 22
AR\A / P‘b,E) (P-t,g)
p't',,oo pt,oo A

A (Pt,z)
P.t,w 4

Az + RPtan g cos(9 - @)

or

Az 2 A%(ﬁ b + c - R%an Blcos(e - @) - (éf cos O (48)

A>°° Pt,2> <Pt,2 A>°° Pg,2
Pryef \Pt,e/ Pt,m/y

Equation (A8) in 'termé of contraction ratio and normal -wave-position
parameter is then ' . . - -

3 . :
pé. 2 ._]'__<A_*) "o + e -\ -(%)2(2-1—>tan B (cos(e - @) - (—AA-:)—G-) 208 8

A
1 . o] p'b,2 Pt’z L p-b,e
c Pt’w

p‘t,oo

d

(A9)

Fram this equatlion the contraction ratio necessary to allow the inlet to
start may be calculsted for a particular normsl wave_position %
1

¥
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TABLE I

TOTAL-PRESSURE RECOVERIES WITH CORRESPONDING MASS FLOW AND CONTRACTION RATIO

(a) Fuselege I, no Giverter, (b) Fuselsge II, nc diverter, (c) Fuselage III, no diverter,
figure 25(a) figure 25(b) figure 25(c)
Pt i my | A (Pt 4) m, | A (P'b u) m, | A
AR 2 _ AR L3 _ AR ) _ 2
<pt'°°>ma.x o B Pty max %= | R Pty mex e A
0.75 0.4% 20,95 [ 0.433 0.5 0.1 0.90 [0.435 0.5 0.45 8.0 |o0.483
1.0 .52 bo5 | .395 .15 A5 e.87 | .56 .5 Ja 2.88 | .35
1.5 .55 &8 | .beL 1.0 .5k &96 1 .395 .5 Ja .78 1 .382
2.0 .54 284 | .394 1.5 .55 &8 | ez 5 A3 boa | .45
2.0 .51 6h o33 2.0 .55 &.88 | .zo4 1.0 .51 861 | .ke8
3.0 .58 581 .338 2.0 54 —_— ] .3k 1.0 b 896 1| .395
3.0 .56 | G343 2. .52 .82 | .343 1.5 53 & 91| b2z
3.0 b2 .56 | .259 3.0 .59 bk [ L343 2,0 5T T0 1 343
k.o 6L 351 .200 3.0 .59 a.62 | .350 2.0 .55 70| .33
k.0 .58 58 1 343 3.0 .55 63 | .34 2.0 .55 .8 379
k.o .55 da o .278 k.0 .63 55 | 290 3.0 6L .7 .350
k0 .61 .58 | JBLY Z.g gg Kg 219;3
4.0 .58 S .3ho
{4} Fuselage I, diverter 1, (e) Fuselege IT, diverter 1, {£) Fuselege III, diverter L,
figure 26(a) figure 26(b} figure 25
R (Eu) - R (P_n&) g AR ("_tﬁ) m | A5 )
Pt o -~ T 9 Pt e -~ o, 1 P o o oy, Ay
0.9 0.43 20.69 |0.475 Co.uk | 0.1 20.99 | 0.597 | | co.44 | o.l1 0.89 | 0.497 )
1.8 .56 ba | ke .9 i a0l .75 3 o 8,04 | .552
1.8 .52 731 .382 1.8 .51 82 .38 C.uh 3T 83| .136
1.8 .50 2| .68 1.8 .50 8,82 k2o .9 A5 671 4715
2.67 .52 as9 | .375 2.6 5L e8| .38 1.8 .55 byl .38
2.67 49 &971 .38 2.6 A7 2 375 1.8 .5k 83| .370
3.7 .56 b.gs | .33 5.7 57 85l .33 1.8 .54 &7l k2o
3.7 .48 g | .370 5.7 .8 Po| .367 2.6 .59 816 .389
2.6 5 T S .362
AR ARE:
3.7 Sk byl .368

Bstarted at low pressure recovery.
bS‘l:a.rl;ing questionable.
CBunp diverter configuration.

.hfh; ¥

] iu‘ﬂ‘ N




TABLE Y.- Concluded

TOTAL-PRESSURE RECOVERIES WITH CORRESPONDING MASS FLOW AND CONTRACTION RATIO

(g) Fuselage I, diverter 2,

(n) Puselage II, diverter 2,

(1) Fuselage III, diverter 2,

figure 27(a) figure 27(b) figure 27(c)
PR P W TS W T I OO\ S S T O P " B
pt’ou max My Al P‘t,m max My, KI p“b,m max Do, A‘l

0.67| 0.38 20.98 | 0.486| |0.67| 0.43 20.97 j0.486 | |0.67| oL 0.68 | 0.450
1.3 .49 78| .378 .9 46 L] .390 6T R B.97 | .486
1.3 .48 71 .39%| [1.35 .50 .80 .378 .9 Jg 8971 435
1.3 Wt 876 | .h20 L.35 A48 Bl .39 .9 A6 4| .390
1.8 5% 75| .365] [1.35 A7 a8 .468) [1.35 .54 b7 | .378
1.8 51 .75 352 1.8 .55 S5 313 1.35 51 .69 | .368
2.67 55 861 .366] 1.8 .55 a8 | 353 |1.35 .50 .86 .34
2.67 i Pt 34k [1.8 .53 B2 .365] [1.35 A48 81.00 | .L483
3.7 L5 4| .322] |1.8 5L a.77 Al2| {1.80 5T 10| .352
2.67 .53 B2 .34k |1.80 .57 ST .33

2,67 .53 bai .37 [1.80 .55 869 | .365

2.67 .51 68| .2935| [1.80 .52 .56 | .292

2.67 .51 63| 267 2.67 .60 35 1 W3k

3.70 .58 A7) 2297 2.67 .58 L0 | 26T

3.70 55 51 W3L3 2.67 .58 J0 | .283

3.70 .52 72| .287 2.67 .5k T OLB6T

3.70 67 bes | 313

3.70 .60 3h | 287

3.70 .59 26 | 297

3.70 52 B2y .62

8gtarted at low pressure recovery.

bStarting questionable,

=
&
>
5
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(b) Internal contours exposed. L-57-335

Figure 1.- Photographs of inlet model. AR = 1.0; fﬁselage III;
boundary-layer diverter 2.
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(e) Fuselage I, fuselage width equal to tunnel width.
- T
W e Surfloca a\\ . ~\\-_____\ _

(b) Fuselage II, fuselage 2 inches wider than inlet.

o e 4

RN N el NNNNY

(e) Fuselage III, fuselsge width equal to inlet width, internal surfaces exposed.

Figure 2.- Schemstic drawing of inlet.
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Streamline
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B=28°32
8 = 63°58'
$ = 34° 40’

(a) Three-dimensional view of assumed shock-wave configuration.

Flgure 3.- Flow model assumed for approximate theory of starting.
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Inlet
sidewalls
Ho:) = 3.1
————— e e
= /W
* -7/
Shock wave — (0-8) -~ /|
- s
~ / ‘
= / l
Streamline _/_i_ _fiiiiif —_—— _.L
N i/
/
N / o = 63°58!
X~y g = 3ilio
\ v, 9
D“
\
\
\

(b) Two-dimensional view in a plane parallel to free stream and normal
to inlet side walls of assumed shock wave at a particular position.

Figure 3.~ Concluded.
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Contraction ratio, Az/A,
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////r

4 D

Shock position, R/R,

Figure k.- Variation of required inlet contraction ratio with assumed
shock-wave position relative to the inboard inlet 1lip for inlets of
M, = 3.1; p = 28° 327,

various aspect ratios.
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D
_ B=28°32 -0 - Reference 2 (Mg = 3.13, B = 29°)
< 6=-63°58
4 | =34 40 — — Reference 3
-{—;“'%\K..}%\ /T S5=R" ton B cos (0-¢)
S ™ P——
g;: .6 ‘\gltk*\ ' \_'—-_-_‘
b g _3 T = s~ -__\-Jﬁ
— B —-—-1._________4____ .
» I
LSS =R? [’ranz B+cos? 8]”’
2

"5 1.0 1.5 2.0 2.5 3.0 35 40
Inlet aspect ratio, h /w

Figure 5.- Theoretical variation of starting minimm Inlet contraction
ratio with inlet aspect ratio and comparison with references 2 and 3.

My, = 3.1.
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Figure 6.- Schematic drawing of test installation.
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Figure 8.- Varistion of totel flow deviation and theoretical total-pressure recovery with inlet
contraction ratio. M, = 3.1.
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Subsonic diffuser duct height, in,

™

Figure 9.~ Variatlon of subsonic duct height with length on duct center line for verious amounts
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Diverter 1

| G ]

A-A B-B
Diverter 2 T
j_
1 ez T~ \
c-C D-D |t > \+>A
Diverters 1 and 2 Div. 1l|Div. 2
Nominal Effective
AR AR a b |c(deg.) d e £
0.5 0.hL 4.83 | L.00 Ls 0.25| 0.69
0.75 0.67 3.22 | 2.67 LS 0.20| 0.55 | 1.00
1.0 0.90 2.75 ] 2.00 10 0.20| 0,55 | 1.12
1.5 1.35 2,49 11.33 30 0.20f 0.55 | 1.10
2.0 1.5 1.87 { 1.00 30 0.20{ 0.55 | 0.65
3.0 2,67 1.25 { 0.67 30 0.20| 0.55 {1 0.53
L.o 3.7 0.93 |0.50 30 0.15| 0.4 | 0.18

(a) Wedge diverters 1 and 2.

Figure 10.- Boundary-layer diverter details. All dimensions are in
inches. - )
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F O s o S A AT AN i i 1
Section A-A

40
s ja.*zf
T TT I 7 77T 77T
T
Section B-B
-—-—A —_7 —=
(A7 7777777770\ ! | }
i 1 { \ 4
Sectrion C-C oy L, 5 L, . >\

(b) Bump diverter for aspect.-ratio-0.5 inlet.

Figure 10.- Coneluded.
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Figure 11.- Details of total-pressure rake and static-—orifice locations at diffuser exit.

dimensions are in inches.
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(mh/mm)m = 0.82. (mh/mm)max = 0.92,

(c) Wo diverter; AR = 2.0; A3/Al = 0.394; (d) Diverter 2; AR = 1.8; Alel = 0.420;
(m”/m‘”)max = 0.98. (mh/mm)m = 0.98.
L-57-2757

Figure 12.- Typical shadow photographs of inlets, started and not started, of varying contraec-
tion ratio. Fuselage II; M, = 3.1.
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Q = Fuselage I
O = Fuselage I1
(M 4/Mep) 4, =100 & =Fuselage IT1
.é‘ 5 po Solid = started at low p:+a/p+ 0
~ 1.00 96 Half solid = starting questicnable
b 10O Open = not started
- 100 ®|ss |98
o 21 \ 100Y /m|.99
= fond .98
o .
O .08 . Jodh:T:]
§ |f2 B _ ETIN S%———--.__J.——--—"
5 a4 1l.e7 .82
ey e 96 93
% Theory 631 O?\J“‘“H oz 24l Olsr
.3 93 .92$L|:| 84
¥ . .81
.72
.2

4 .8 1.2 1.6 2.0 24 28 3.2 3.6 4.0 4.4
Inlet aspect ratio, hy/w -
| .
Figure 13.- Effect of inlet aspect ratio on the minimum starting inlet conbraction ratio with
. no boundary-layer diversion. M, = 3.l.
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(ma/meg)max.? 107 O =Fuselagell
’ { =FuselageIII
is5 i%,?(d .89 Solid = started at low pt,4/pt, o
S 99i\ .00/ MI00 Half solid = starting questionable
-:t [~ #99 Flagged = bump diverter
]
s [© ~— 99 # .99
54 ™ - 27T oer 00/491.00
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.88 —— .97 ..961¥.94
_§ Theory—--/\\ -37ﬁ ]2 L == qi
§ - .96 Té¢p.o8 o6 4095
B S 087
Q-3
O
2
4 8 .2 1.6 20 2.4 2.8 3.2 3.6 4.0

Inlet aspect rdatio, hy/w

Figure 1L.- Effect of inlet aspect ratic on the minimm starting inlet contraction ratio with
boundary-leyer diversion. Diverter 1; M, = 3.1.
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Figure 15.- Effect of inlet aspect ratioc on the minimum starting inlet contraction ratio with
boundary-layer diversion. Diverter 2; My = 3.1.
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®

Az/A= 343

8 (a) R=.75 (b R=2.0
Solid = started at
low pt4/Pte Az/Aj= .394
6
AL
A

4 4
> i
3
<
a2
> Az/A=.433 Az/A;= .33l
g
o]
(&)
20
@ (c) R =30, (d) R=4.0.
2
[«3]
8
=)
Q
’— [l

()}
}
l
!
/
4
J:
7
\

r~—1% \
. i k
As/A= 3381 (] A3 /A= 290 B\
£ 8 1

4 6 8 L0 .2 4 6 8 1.O
Mass-flow ratio, mg/my -

Figure 16.- Typical total-pressure-recovery veriation with mass-flow
ratio for fuselage I, no boundary-layer diversion, and various con-
traction ratios resulting in started or not-started configurations.
M, =3.1.
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(a) R =.75 (b)) R=20
8 -
Solid = started at
low pt 4/Ptw Az/A=.394
6 i
q
8
a4 ¢
& Az/A = .446 ‘1 Az/A| = 343 —Ye
< ¢ )
L .2
3 () R=3.0 (d) R=4.0
© 8
Qv
_g_ . Az/A;=.343 Az /A= .290
=N 5&@-\-\! 1\
o @-———=
|._.
Y -
4 - e
As/A = 350
%
4 6 8 0 4 6 8 1.0

Mass-flow ratio, mg4/Me

Figure 17.~ Typical total-pressure-recovery varistion _"v:fi'th mass-flow
ratio for fuselage II, no boundary-lsyer diversion, and various con-
traction ratios resulting in started or not-started configurations.
M = 3.1.
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(@) R=50.
-6 Solid = started at low Pt,4/Pt,0
4 &
Az/A1=.435
.2 :
(b)y R=1.0. (c)R=2.0.

.6
8‘-
=%
3 . Az/A= .320W
:' Az /A = .428r—/ Az/A; =379 %1
§ ™)
S 2
° (dyR=3.0. (&) R =40.
5.8
(7]
]
o
2 6
o - X Bog
o

N \O\Q
4 i e
. % b
Az/A;=.350 Az/A;=.400
0 .
4 6 .8 1.O 2 4 6 .8 1.O

Mass-flowratio, mg/my

Figure 18.- Typical total-pressure-recovery variation with mass-flow
ratio for fuselage III, no boundary-layer diversion, and verious con=-
traction retios resulting in started or not-started configurations.

Mo = 3.1.
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(@) R =.90 (b) R=18
.8
Solid = started at low
P1,4 /Pt e Az/A = .42
g -6 Half solid = starting
& questionable
\d' i
+ 0
= Az/Aj= 475 As /A =.382 —1
S
S 2
= (c) R=2068 (dyR =37
» .6 '
(]
&
IS
S
= 4
Az/A=.375 \ Az /A1 =.370 \
. ¥ 3
4 6 8 LO 4 .6 .8

Mass-flow ratio, mg/me

1.O

Figure 19.- Typical total-pressure-recove;y variatign with mass-~-flow
ratio for fuselage I, diverter 1, and various contraction ratios
resulting in started or not-started configurations.
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resulting in started or not-started configurations. M, = 3.1.
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Figure 22.- Typical total-pressure-recovery variation with mass-flow
ratio for fuselage I, diverter 2, and varlous contraction ratios
resulting in started or not-sterted configurations. M, = 3.l1.
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Figure 24.- Typical total-pressure-recovery variation with mass-flow
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resulting in started or not-started configurations. M, = 3.1.
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